Determination of the depth of BODIPY probes in model membranes by parallax analysis of fluorescence quenching.
The location of a series of lipophilic and lipid-attached BODIPY (4, 4-difluoro-4-bora-3a,4a-diaza-s-indacene) membrane probes was analyzed by the quenching of BODIPY fluorescence by a series of nitroxide-labeled lipids in which the depth of the nitroxide group is varied. When attached to the polar headgroup of PE the BODIPY remained near the polar headgroup in depth. However, when attached at the end of free or phospholipid-attached fatty acyl chains, or when attached to two hydrocarbon chains, we observed two probe populations. One, usually dominant, population of BODIPY groups 'looped back' towards the surface, but a second population remained deeply embedded within the bilayer. When attached to a fatty acid or fatty acyl chain, the deep population appeared to locate at a depth related to its point of attachment to the acyl chain. In BODIPY linked to free fatty acids, the location of the deep population responded to the ionization of the carboxyl group. Because, unlike NBD (7-nitro-2,1,3-benzoxadiazol-4-yl) and most dansyl groups, acyl chain linked BODIPY groups can exist in a deeply buried form we conclude that BODIPY linked acyl chains are superior to NBD or dansyl linked acyl chains as membrane probes.